Flame retardant nanocomposites have attracted many research efforts because they combine the advantages of a conventional flame retardant polymer with that of polymer nanocomposite. As a bonus it leads very often to a synergistic effect. However the properties obtained depend, as for classical nanocomposites, on the dispersion of the nanoparticles. In this study, three types of polymer flame retarded nanocomposites based on different matrices (PP, PBT and PA6) have been prepared by extrusion. Then the tools usually used to characterise the morphology of composites have been evaluated on such composites to check the validity of the measurements. In the case of XRD and TEM, useful information has been obtained to describe the dispersion of the flame retarded nanocomposite. It appears that the material based on PA6, OP1311 and C30B has a great dispersion of the platelets. In the two other systems PBT and PP materials, microcomposites are obtained with some extent of intercalation. The poor dispersion is also highlighted by NMR measurements but the presence of flame retardant particles interferes in the quantitative evaluation of the dispersion. Melt rheology has as been used as a characterisation technique to assess the dispersion and lead to results coherent with the XRD and TEM conclusions.
Introduction
Different strategies can be used to improve the flammability properties of polymeric materials. The incorporation of specific additives constitutes a very interesting route.
Classically the first approach consists in addition of flame retardant additives in the polymeric matrix. These additives will act either chemically or physically, in the gas phase or the condensed phase, to inhibit or suppress the combustion process. Different classes of flame retardants can be used such as halogenated compounds, metal hydroxides or intumescent formulations. This last class of flame retardant exhibit some advantages compared with the two other class of flame retardant. The efficiency of such systems is obtained at very reasonable contents (around 25%) what does not affect too much, the other properties in contrary to metal hydroxide that have to be incorporated at up to 60 wt.-%. Moreover such systems suit well to the growing demands of industrials to develop halogen free solutions in terms of fire protection.
Two other methods have been more recently investigated based on the nanocomposite approach. The first one has been developed in the past 30 years. It is the incorporation of nanoparticules in the polymer. Different shapes of particles can be used (spherical such as silica, nanotubes or nanofibres such as carbon nanotubes, lamellar or platelets such as montmorillonite …) but at least one dimension of the particle has to be lower than 100nm.
Most of the studies reported in the literature concern polymer-layered silicate nanocomposites (PLSNC). This article is focused on this kind of nanocomposites. Generally for nanodispersed composites, improved fire properties are obtained with less than 10% of nanoparticules and improvements of other properties are simultaneously observed. The mechanism via which the reaction to fire is modified can be attributed to the accumulation of inorganic particles at the surface of the composite and concurrently, to the formation of a carbonaceous coating forming a barrier to heat and mass transfers.
More recently, a derived approach has emerged. This approach consists in the development of polymer flame retarded layered silicate nanocomposites (PFRLSNC). In this route, both classical flame retardant and nanoparticules are added in the polymer to research potential synergistic effects. In the past 10 years, an increasing number of studies deals with that topic. Combinations of intumescent compounds and organoclay have for example been studied by Bourbigot and Al 1 , 2 . They reported the performances of PA6 nanocomposite as char forming agent in intumescent formulations and as mechanical reinforcement agent. Other types of flame retarded nanocomposite have already been studied. The fire performances of EVA +Al(OH) 3 with nanoparticles are significantly enhanced 3 . As for the polymer clay nanocomposite, it could be assumed that the dispersion of the nanoparticles in the polymer flame retarded nanocomposites is a key factor to obtain the best properties. However not much has been published on how to characterize the morphology of this type of composites and on the relative location of platelets and flame retardant particles.
In a previous paper 4 , PLSNC based on PA6, PBT and PP matrices have been fully characterised in terms of dispersion of clay platelets using XRD, TEM, melt rheology and NMR techniques. The efficiency of each method to describe the composite structure has been evaluated and compared to each other. In this study, using the three matrices quoted before, PFRLS nanocomposites have been prepared using commercial phosphorous flame retardant systems. A characterisation of morphology of the composite obtained has been undertaken using XRD, SEM, TEM, melt rheology and NMR measurements. The global aim of this study is to examine the validity of methods applied for characterizing the morphology of the PLS nanocomposites in the case of PFRLSNC and to evaluate the influence of addition of the flame retardant on the structure of the composites obtained. Table 1 summarizes the materials used in this work as well as the suppliers of the products and the chemical formula. 
Experimental

Materials
Samples preparation
The materials (Table 2) were prepared by melt blending using an American Leistritz Extruder Model ZSE 27. This extruder has a 27 mm co-rotating intermeshing twin screw with 10 zones and a length/diameter ratio of 40. The extruder design and the temperature profile are given in Figure 1 and Table 3 . The polymer pellets were introduced in the first zone. For PP materials, APP is added in the main feed (same position as PP), by means of a dedicated gravimetric feeder and the nanofiller in the third zones with a side gravimetric feeder (screw speed 180 rpm). In the case of PA6 and PBT, OP is added in the side feeder, together with the clay, previously mechanically mixed. For all the formulations, both the flame retarded polymer and the polymer flame retarded nanocomposite materials were prepared using this device with a screw speed of 200 rpm and a feed rate of 10 kg/h. The material obtained is then pelletized. Zone 9
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Zone 2 4-8D XRD analyses were conducted at ambient temperature using a Philips X'Pert X-ray diffractometer (( (Cu K ) = 1.540562 Å) in configuration 2-theta/ theta on slabs of materials.
XRD spectra were recorded in the 1.5° -10° 2 range with a step of 0.02°, a step time of 2.5s.
The interlayer spacing d was deduced from the recorded data.
Rheology
Rheological measurements were carried out at Dynamic Analyser Rheometer RDA II from Three closely spaced 90° pulses accomplished the saturation.
As a semi empirical approach to analysis, these saturation-recovery curves were fit to a two-exponential equation according to:
where M(t) is the magnetization at time t; M 0s and M 0l are the magnetization of the short and long components, respectively, and; T 1s H and T 1l H are the proton longitudinal relaxation times of the short and long components, respectively.
The equation was fitted with the commercial program TableCurve2D of Jandel Scientific with a standard least-squares minimization (Gaussian elimination). The accuracy of the fit was evaluated by an analysis of residuals in a 95% confidence domain. All fitted values of T 1l H and T 1s H had 3 and 5% standard uncertainties, respectively. Corresponding standard uncertainties for the two M 0 's were typically less than 5%.
The quantitative NMR method developed by Bourbigot and Al 6 has been designed to characterize the dispersion of nanoclay in a polymer matrix. In this work, we applied this method to more complicated systems considering that the polymeric matrix is in this case the Flame retarded polymer. Two parameters characteristic of the dispersion state will be calculated what will enables to quantify both the degree of separation of the platelets (factor f measuring the polymer/clay interfaces) and the homogeneity of the dispersion (factor e). For the calculations, the flame retarded polymer has been considered as the reference materials, as the matrix in which the nanoclay has been dispersed.
Microscopy
Surface microscopic analyses were carried out on a scanning electron microscope (SEM) Hitachi S4700 at 6 kV and 15 mA at various levels of magnification.
For Transmission electron spectroscopy analyses, all samples were ultra microtomed with a diamond knife on a Leica ultracut UCT microtome, at room temperature for PP, PBT samples and at cryo temperature (-120°C) for PA6 samples, to give sections with a nominal thickness of 70 nm. Sections were transferred to Cu grids of 400 meshes. Bright-field TEM images of nanocomposites were obtained at 300 kV under low dose conditions with a Philips CM30 electron microscope, using a Gatan CCD camera. Low magnification images were taken at 17 000x and high-magnification images were taken at 100 000x.
The materials were sampled by taking several images of various magnifications over 2-3 sections per grid to ensure that analysis was based on a representative region of the sample.
EDX microanalyses were performed with a FEI Tecnai G2 20 transmission electron microscope at 200kV.
Results
The purpose of this study is to investigate the dispersion of the nanoparticules in flame To calculate the fraction of the effective polymer-clay interfacial area, f, from the initial slopes, we need to choose a reference sample which exhibits a fully exfoliated structure. As in our previous work [17], we used a PS/MMT nanocomposite where the organo-modifier of MMT was N,N-dimethyl-n-hexadecyl-(4-vinylbenzyl) ammonium chloride (VB16) and hereafter called PS/VB16 [12] . We also stated that T 1l H is a relative indicator of the homogeneity of the distribution of the actual polymer-clay interfaces in the nanocomposite.
We can compute, using our model calculation, an apparent spacing, app that matches the T 1l H obtained from the experimental curves. We can then compare app with f, the spacing in an ideally layered structure that has a surface area f times the amount expected from full exfoliation. Thus, we define a parameter, e= f/ app, to be a qualitative monitor of the inhomogeneity of the distribution of clay where poor homogeneity would correspond to e= 1.
According to the results presented in table 4, the clay seems to be not very well dispersed in the flame retarded polymeric matrices. The materials would exhibit an intermediate homogeneity (between 29 and 58%) but the f values are poor suggesting the presence of numerous tactoïdes and poor dispersion for all materials. In the flame retarded PP matrix, the clay appears as agglomerated platelets. When we look more closely to the agglomerated particles, intercalation is observed into the platelets. Table 5 summarizes the results of the different analyses for PLS and PFRLS nanocomposites.
Discussion
A comparison of the results obtained for the different PFRNC with the different techniques is very interesting. For PBT and PP they are consistent and tend to the same conclusion: a bad dispersion has been obtained for both composites. In the case of PA6 composite, an apparent contradiction is observed between the results. With XRD and TEM, it can be assumed that an exfoliated structure has been obtained, melt rheology indicates that a nanodispersion is achieved whereas NMR suggests a structure with tactoids and with potential intercalation.
The representativeness of the TEM pictures has been ensured so that the dispersion of the clay in the flame retarded polyamide 6 is near the exfoliation what is confirmed by the XRD analyses. This might lead to the conclusion that the NMR methods would not be capable in the case of flame retarded nanocomposites using the assumptions we have done for neat nanocomposites. In the particular case of the NMR measurements, the calculated parameters are underestimated. This underestimation can be attributed to an effect of the flame retardant in the formulation since the NMR method has already been successfully used to quantify the dispersion in PA6-cloisite 30B nanocomposite. The observation of the proximity of the flame retardant agglomerated particles using TEM combined with EDS analyses (Figure 14 ) reveals that at the interface polymer flame retardant (FR) a part of the clay particles are located around the FR so that one part of the delaminated platelet is in contact with the polymer the other is near the FR. It means that only platelets far enough of the FR will contribute to the efficiency of the spin diffusion. As the total amount of clay is used in the calculation, the T resulting calculated values will be underestimated. 
Conclusion
The methods classically used for the characterisation of polymer nanocomposite have been applied to polymer flame retarded nanocomposite. SEM, XRD, melt rheology and solid state NMR analyses have been performed on PA6, PP and PBT nanocomposite flame retarded with a phosphorous compound. SEM permits to show the dispersion of the flame retardant in the polymers and to confirm that the dispersion of the clay is submicronic. Analyses of the morphology of flame retarded composites by TEM, XRD, melt rheology and NMR show some differences especially observed when platelets are nanodispersed. For PBT and PP flame retarded nanocomposites all the techniques give the same conclusion, i.e. a poor dispersion s. For PA6, XRD and TEM show the exfoliation of the platelets, melt rheology indicates nanodispersion and NMR suggests intercalation and some tactoids. As the representativity of the TEM images have been carefully checked, NMR approach leads to apparent discrepancy in the presence of flame retardant. Further investigations suggest that some amount of individual platelets are located around flame retardant tactoids leading to underestimate the nanodispersion state. The influence of the flame retardant on the dispersion of the nanoparticles has been investigating. No global trend has been observed. In PP, the flame retardant seems to enable to obtain a better dispersion unlike in PBT the opposite observation is made. For PA6, no influence of the presence of the phosphorous flame retardant is detected except the fact that a significant amount of platelets are located around the FR.
